Age-related changes in the blood concentrations of glycated proteins during childhood and adolescence were examined by measuring the blood fructosamine (FA), glycated albumin (GA), glucose levels and total serum protein levels in 611 healthy children (325 boys and 286 girls) aged 0-18 years old. These levels were compared with those of 130 healthy adults. GA was measured by a newly developed, highly precise method of high-performance liquid chromatography (inter-assay coefficient of variation, 4,9%). The FA values of all groups of up to 15 years old (grouped in two year age brackets) were significantly lower than those of adults. The mean serum concentrations ofGA in infants up to four years old were also significantly lower than in adults. A slight but statistically significant positive correlation was found between age and values of FA (r = O' 36, P < 0,001), but not of GA (r = 0'04). Levels of total serum proteins showed a positive correlation with those of FA (r=0-47, P<O·OOl) but a weak correlation with those ofGA (r=0·29). These results suggest that age should be taken into account when the FA levels ofchildren and the GA values of infants are evaluated.
Recently, measurement of glycated haemoglobin A, (HbA lc ) has been widely used as a measure of medium term control of diabetes and is used by many diabetologists as a yardstick for evaluating diabetic control.':" More recently, a colorimetric method has been described for the measurement of glycated serum proteins, known as fructosamine (FA), based on the reducing properties of FA at high pH. 5 The serum level of FA is an index of the state of glycaemic control in the previous two weeks.s' and may be useful for evaluating diabetic control in unstable diabetic patients in whom the HbA lc level appears to change too slowly to reflect rapid fluctuation in the blood glucose level. Accordingly FA estimation has been widely used in children with insulin-dependent diabetes mellitus whose diabetic control is usually unstable," However, this index has a number of disadvantages, notably that the serum FA value is influenced by the blood concentrations of total proteins, lipid and bilirubin.v'? To overcome these problems, we developed a method for determination of serum glycated albumin (GA) by high-performance liquid chromatography. I I Correspondence: Fusae Abe.
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Conflicting data on the relation between glycated haemoglobin concentration and age have been reported.t-:" but there have been few studies" on age-related changes in the serum levels of the glycated proteins during childhood, in which the blood concentration of total proteins alters with age."
In the present study on a large number of subjects, we examined whether the serum levels of FA and GA alter with age during childhood and adolescence and compared the concentrations of these glycated proteins in children and adults.
Subjects and methods

SUBJECTS
Studies were made on 741 individuals: 611 children (325 boys and 286 girls, 0-18 years old) and 130 healthy adults (104 men and 26 women, 30-64 years old). Most of the children were pupils of primary schools and junior high schools who participated in a yearly health examination and showed no abnormal clinical or laboratory findings, but a few were outpatients at Tokushima University Hospital who had no disease causing impairment of glucose or protein metabolism. Results Table I shows the mean concentrations of FA, GA, glucose and total proteins in children grouped in two year age brackets. The FA values in all groups up to 15 years old were significantly lower than those in the adults, those in groups~4 years old being particularly low. Similar changes with age were found in the serum concentration of total proteins. The mean serum concentrations of GA in children up to 4 years were significantly lower than that in adults. The mean FA, GA and total serum protein values for all juvenile subjects were 2·36±0·22 mrnol/L, 17·4± 1·7% and 69·7 ± 5·0 giL, respectively, the values for FA and total serum proteins being significantly lower than those for the adults. There were no differences between the concentrations of these variables in boys and girls. The mean fasting blood glucose concentrations were not significantly different in the various age groups of adults. Moreover, no significant differences in the levels of FA, GA and total serum proteins were observed in different age groups of adults (Table  2) . A significant positive correlation was found between age and the levels of FA (r = O' 36, P<O'OOI) but not GA (r=0'04) (upper panel in Fig. I ). Furthermore, a strong positive correla- tion was noted between the levels of total serum proteins and FA concentrations (r=0'47, P < 0.00 I), and a weak correlation between those of total serum proteins and GA (r = O' 29) (lower panel of Fig. 1 ).
Discussion
In this study we found a slight but statistically significant positive correlation between FA concentrations and age in children: concentrations increased with age, the difference between the values in infants and schoolchildren being especially marked. This finding is not consistent with the report of Allgrove et al," of no significant age change in FA values during childhood. The reason for this discrepancy is unknown, but might be due to differences in the numbers of subjects examined: they examined only 30 normal children who were divided into three age groups: 0-5 years, 5-10 years, and 10-15 years. This number is too small to assess age-related changes in variables. As shown in Table 1 , the mean concentrations of total serum proteins in children were significantly lower than that in adults as reported previously. 17 Furthermore, a clear correlation was found between the levels of serum FA and total serum proteins, consistent with the recent report by Senecal et al." These findings suggest that the lower concentration of total serum protein is an important factor responsible for the lower level of FA during childhood. This possibility is supported by our finding that the observed FA values in all age groups of children corrected for the total serum protein level were similar as can be calculated from Table 1 . Other possible explanations for the present results are that FA contains albumin and other proteins" such as IgG, which is easily glycated" and whose concentrations are lower in children younger than 7 years than in older children." However, the mean values for GA in children of under 4 years old were also significantly lower than those in children of all other age groups and in the adult group. As the GA level measured by HPLC assay is not influenced by the concentration of total serum proteins" or by the presence of IgG, the low concentration of GA in infants cannot be explained in the above ways, but may be partly due to rapid tum-over of blood proteins in infants." The low correlation between the levels of total serum proteins and GA in children does not necessarily indicate a causal relationship between the two variables, but may be due to coincidental low concentrations of total serum proteins and GA because of the rapid tum-over of blood proteins in infants. The absence of differences between the mean concentrations of either FA or GA in boys and girls has not been reported previously, though the absence of a difference in the concentrations of glycated haemoglobin in men and women has been reported.P:"
We found no significant positive correlation between the level of blood glucose, FA or GA and the age of adults: their levels did not alter significantly with age in our adult subjects, although these subjects did not include elderly individuals. This finding is consistent with another report on the levels of'glycated proteins. IS We conclude from this work that correction of FA values for age is necessary for their use in strict diabetic control or diabetic screening, whereas no correction of GA values for age is necessary in children of over four years old. Furthermore, as FA values are influenced by the blood concentrations of protein, lipid and bilirubin, measurement of GA is more appropriate than measurement of FA.
